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I. EEEMAEX

The applicability of the prototype Beekley InSite device

(employing the peek-a-boo principle of matching tapes) to class

scheduling has been investigated. The objectives were to:

(1) provide students, during registration, with all future term

schedules that might be offered to permit student goals to be at-

tained with the curricular paths available; (2) provide the school

administration with current and future term schedules desired by

students which could, and would, not be provided by alteration

of master schedules; and (3) identify scheduling variables which

should be taken into account in resolving complex scheduling problems.

149 students of the Graduate School of Library and Information

Sciences of the University of Pittsburgh were used as the test group.

Their desired sdhedules were matched automatically akainst a proposed

master schedule in order to evaluate the usefulness of the proto-

type device in this application.

The results suggested the usefulness of the peek-a-boo

approach to scheduling, both from student and school administration

points of view. The prototype device investigated had many desirable

characteristics. However, further development is required in order

to permit real-time operation of such a system.

There seems to be some potential for developing, from

a machine-processible record created by a student during registration,

a system which might permit invoicing, grade reporting, and similar

functions to be performed using this first record as a starting

point. However, considerable developmental activity would be required.



TI. Introduction

A. The Problem

With increasing enrollments in colleges and universities,

the problem of developing student programs which match degr re-

quirements, student objectives, and available facilities has become

a matter of increasing concern. The problem becomes obvious under

the real-time pressures of registration, when preconceived schedules

of course offerings may not permit the idiosyncratic objectives

f students to be fulfilled. The practice has developed in many

schools of utilizing faculty (1) as advisors and (2) as registration

clerks in an attempt to rationalize these 'differences--within the

constraints of degree requirements and facility limitations.

In some cases, computers have been programmed to handle

the onerous task of scheduling, with varied results. The resulting

computer programs generally permit the economical development of

master schedules, but real Llie adjustment during registration pressure

is inhibited and inordinately expensive.

Accordingly, the development of a low-cogt method of

scheduling has been of interest, which would relieve faculty of routine

registration tasks, and still provide students with the benefit of

faculty advice, but only after exzeptions are discovered. The availability

of a prototype device (the Beekley Corporation InSite system)

provided the opportunity to consider how such a method might be

developed.

Ob sectives of the Stud

The objective of this study is to perform exploratory

investi lion of the applicability of the Beekley InSite device to

school scheduling problems. To provide an operational environment



for this investigation, an actual school scheduling problem at the

University of Pittsburgh Graduate School or Library and Information

Sciences was selected.

More specifically, the applicab the prototype

Beekley InSite device to school scheduling was to be initially

determined by the answer to the following question: "During what

time and at what cost can the d vice be used for purposes of (a) pro-

viding students 'registering in the Graduate School of Library and

Information Sciences with all alternate future term schedules that

might be offered to permit student goals to be attained within the

curricular paths available at the School, and (b) providing to the

School the present and future term schedules desired by students,

which, by alteration of the School master schedule, could and could

not be provided by rescheduling?".

It was recognized at the start of the investigation

that it might not be possible to reach the initial objective because

of unknowns involved in dealing with a prototype device whose operating

characteristics were not fully known (even though functional charac-

teristics were known. Accordingly, a secondary objective was to

identify, in as much detail as feasible, those scheduling variables

which would have to be taken into account in considering the develop-

ment of effective approaches to the resolution of complex scheduling

problems.



III. Procedures

A. General Design.,

Attempts have been made by both computer manufactu

and university users of computer and other data processing equipment

to solve a variety of school scheduling problems. In many of these

pursuits, models of theoretical scheduling situations have first

been developed, followed by the introduction of practical problems

in an attempt to rationalize the theoretical with the real world.

It was the intent of this investigation to proceed from

the empirical pint of view by selecting a problem area for initial

examination of the applicability of the Beekley InSite device to school

scheduling problems. The Graduate School of Library and Information

Sciences of the University of Pittsburgh has proposed a master schedule

of classes intended to cover an indefinite period of time. This

schedule of course offerings was to he compared with various com-

binations of student schedules consisting of (1) previous schedules

of former students and (2) current and pending schedules which students

are seeking to have fulfilled. Where schedules desired by students

could not be matched succesiOully, with the existing School master

schedule, the master schedule was to be revised and all previous

comparisons replicated.

Emaltavuulltmnekt

The school master schedule and student schedules were

obtained from the Graduate School of Library and Information Sciences

of the University of Pittsburgh. Offering a professional degree,

the Graduate School attracts a wide variety of student types at a

rapidly increasing rate of enrollment. These two factors have strained

the faculty resources, thereby demanding carefut Planning of course



offerings. At the same time, an enrollment of approxigniiitely 400

permitted a sufficiently large number of student schedule combinations,

but without excessive quantities of data to be manipulated in an

exploratory investigation.

Instrumentation

In the field of information storage and retrieval, the

peek-a-boo technique* has been utilized in the past for determining

which documents from a sizeable file of information might be directly

applicable to a given problem or request. The advantages of such

a system are low cost, ease of manipulation, and ability to search

large volumes of information readily. The peek-a-boo system works

on the principle that appropriate "document" numbers may be posted

(recorded) by punching out portions of a unit record card reserved

for those numbers. Each unit record card is dedicated to a par-

ticular characteristic, or aspect of subject matter, with the numbers

posted therein representing those documents which are characterized

by that aspect of subject matter. Searches for "documents" which

have two or more characteristics in common may be clnducted by

superimposing unit record cards for relevant characteristics, in

order to discover which document numbers are recorded in common

(light passes through all cards which have identical numbers punched

out at identical positions reserved on each card for that number,

leading to the name "peek-a-boo".

This principle was interesting in connection with the

class scheduling and registration application since it was hypothesized

* Kent, A., Textbook on Mechanized Information Retrieval ed. 2,

John Wiley, New York, 1966, 48-50.
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that master schedules could be recorded in one set of peek-a-boo

cards as geometric patterns of course numbers, and desired student

schedules could be recorded in other sets of cards, These could,

then, be compared quickly and inexpensively to determine legality

of proposed student schedules.

However, there are practical limits to peck-a-boo card

size that can be handled conveniently and to hole size that can be

positioned accurately and punched economically.

One manufacturer has attempted to overcome the limitations

of the peek-a-boo cards in the device called InSite. This device,

uses spools of punched tape to represent aspects, effectively free

of limitations with regard to numbers of documents, that can be

handled. Matching of aspect (recording) tapes to permit identification

of punched-in document numbers is conducted photoelectrically with

such numbers printed out, as well as counted, to determine frequency

of identification. The search function is performed at a scanning

speed of 10,000 references per minute, with_reference print-out

at the same speed. There is no theoretical limit to the number of

input tapes that can be handled for simultaneous scanning. However,

the prototype is set up for six tapes.

Twenty-four input tapes, stored on bobbins, were provided

for experimental use. All tapes are identical and each accommodates,

in its 100 foot. length, 50,000 reference-number positions. These

positions are arranged in blocks of 100, each block having ten columns

and each column having ten positions. Position numbers are indicated

by repetitive printing, on the tapes, of these blocks.

The blocks are consecutively numbered along the tape,

having numbers such as "462XX", etc.'-The "XX" is
used as a symbol

4
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to represent the two lower-order digits of a reference number; the

tens digit being printed at the head of each column and all ten

unit digits being printed in each column.

A reference number is recorded on a tape by punching a hole

in the tape in the position belonging to that number. For instance,

to record the reference number 46372, a hole would be punched in unit-

position 2, in column 7, in block number 463XX,

The prototype provided no automated method for punching the

input tapes. Punching is done by a solenoid-operated punch, manually

positioned, which is included in the scanning unit.

Searches are accomplished by selecting the input tapes

corresponding with the desired descriptive terms. These tapes'are

\,then run simultaneously through the scanning unit. Since they are all

kept in accurate alignment, any position which has been punched in all

of those tapes will appear as a hole completely through the group of

tapes. The sensing head comprises an illumination source over the

tapes and a row of ten photoelectric cells under the tapes. This row

of cells is arranged transverse of the tapes and the individual cells

are positioned to be directly under the ten individual unit-digit

positions. When a hole passes over a cell, the cell is light-activated;

and a pulse, identifying which unit digit, or hole, 'punched, is fed

into the electronic system. If more than one hole appears in a single

column, each cell produces a discrete pulse.

A by-product output of the electronics system is uqed to

operate an electronic counter whiCh counts the "hits" during the

scanning, process and displays the result.

The high-speed printer Zs completely different in concept

from printers commonly used in data-processing systems. The InSite
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printer includes two separate elements which operate in unison:

a mechanical printing-counter which keeps in step with the block

and column numbers as the tape passes through the scanning head;

and the unit-digit printer, which is 1 ctively responsive to the

photoelectric cells, in, the scanning head. 14;en one or more of the

cells is activated, the related unit digit (or digits) is'printed;

and, simultaneously, the mechanical counter- printer is actuated to

print the four higher-order digits of the reference number. Print-

out is in the form of a conventional adding-machine tape, automatically

j cted from the printer unit. Print-out is on-line at the scanning

speed of 10,000 reference numbers (1,000 columns) per minute.

Input into the Beeklitrdevice was to be performed using punched

Myl r tape. One set of tapes was to contain the proposed master

4

schedule of the Graduate School of Library and Information Sciences.

A second set of tapes was,to contain the prerequisites for those

courses requiring them. A third group of tapes was to Hid the in-

formation corresponding to the historical and current and proposed

student schedules. These three sets of tapes were to be fed simul-

taneously to the Beekley InSite device, which would rapidly scan th

records for "hits" through the peek-a-boo imposed tapes and permit

contact to be made with the sensing element. An electronic counter

adds the total number of successful schedules, while a prints

records the coded numbers corresponding to the valid applications. '

Data Collection'

1. Program Variables

The investigation was predicated upon the existence of

a long-range master schedule of classes and of certain prescribed

curricula which students, based upon their interests and subject



majors, could pursue. Accordingly, a necessary first step was a

detailed anda.ysis of the opinions and desired of the faculty and

administration of. the Graduate School of Library and Information

Sciences with regard to such prescribed curricular paths.

The faculty of the Graduate School of Library and Information

Sciences were interviewed to ascertain their views on courses of

study and class schedules. Since all of those interviewed advise

students in course selection, there was an attempt to discover the

type of direction given students and the problems confronting an

adviser in outlining programs of study for students. Basic,cur-

riculum and areas of specialization were the original issues the

interviewers had intended to consider. Additional issues (e.g.,

class size and half trimester sessions) were added by the faculty

during the interviews.

2. Student Requirement Variables

Concurrent with the investigation of faculty opinions and

desires with regard to program, data was gathered from records of

students enrolled in the School during the period September, 1963

to June, 1965 regarding course registration. Also, the April, 1966

class was involved in a trial registration in order to determine how

students might register if they had relativOy free choice of schedule

for the remainder of the terms until completion of degree requirements.

Processing of Data via InSite

Data collected on student registration desires s recorded

by punching, on Mylar recording tape; and each student course con-

figuration, as represented by a geometric pattern of punched holes,

was matched against the master schedule for "legality".
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IV. Results

A, Pro ram Variables

A set of curricul paths in the Masters degree program

of the,Graduate School of LibrAry and Information Sciences, each

consisting of required courses, as well as electives, was hypothesized

for the following specializations:

public librarianship

college and university librarianship

school librarianship

special librarianship

children's librarianship

and for the following functions:

acquisitions

cataloging

reference

administration

(For a detailed list of these hypothesized curricula, see Appendix A).

The faculty of the School was interviewed individually in

order to.elicit comments on the curricula and on class scheduling

problems.

Each of the ten persons interviewed saw a need for schedul-

ing courses for several terms in advance of the terms in which

current registration was taking place. However, it was recognized

that scheduling in advance does present problems, such as lack of

knowledge of future availability of faculty members qualified to teach

particular courses; however, it was believed that the benefits derived

by the faculty members in advising students greatly outweighed any

disadvantages such a plan might have.



It was generally agreed that, given the current requirement

2 credits for completion olithe Masters program, approximately

half should be required of all students (course numbers 110, 120,

150, 180, and 261). The. introductory course (LS 100 or 110) should

precede all other courses according to most of the faculty. After

the completion of the introductory course, either LS 120 Collections

Development and or LS 150 Organization of Library Materials

may be taken. The only core course having prerequisites is LS 180

Principles of Library Administration.

It was suggested that LS 110 Orientation has a greater

value than LS 100 Introduction to Librarianship. One faculty

member suggested that new full-time students be admitted to the

School only when it is feasible to offer LS 110. A related suggestion

was that the admission of full-time students be limited to September,

January, and June; and LS 110 would be offered at these times.

There,were several other suggestions of additions to the

required 17 credits, One faculty member suggested LS 267 Languages

for the Library and Information Sciences be a required course.

Another suggested it be included only if the total Masters program

was increased to 38 credits. Another course recommended as a require-

ment was LS 252 Technical Processes, the reason being that there is

a great demand for catalogers; and LS 150 Organization of Library

Materials is not sufficient preparation for students. Opposing the

inclusion of an additional cataloging course, one faculty member

suggested that the current trend is toward mechanization of the

cataloging process and central cataloging which does not indicate

a continued' need for expert catalogers.



On the subject of specialization, there was a great diver-

sity of thought. Two of those interviewed stated there is little

opportunity for specialization in the 32 credit Masters program.

This idea is suggested in the GS]IS catalog's statement,

"Specialization-in-depth on the, fifth year level is not regarded

as eithei desirable or feasible."

Most of the others thought there was adequate opportunity

for specialization at this level.. There was no consensus on what

the areas of specialization are. However, the clearest statement

divided specialization into two categories: (1) type of library;

and (2) function in the organization. The.five possibilities sug-

gested under type of library were: public, college and university,
4.4

school, special, and children's work. The functions suggested were:

acquisition, organization, reference service, and administration

(see Appendix A). Another person offered division by the four

areas in the catalog: foundations and research, resources, technical

operations and systems, and management and special services. The

three areas of specialization suggested by another faculty member

were the information sciences, technical .processes and children's

work.

In this connection, the School catalog states:

...students may well have when they enter the
school or will soon develop an interest in
one or more types of professional service;
and, so in planning study schedules, faculty
members will take into account the following
anticipated professional service areas--
general, instructional, academic and research,
and special information centers.

As to when a student should decide on specialization,

many of the faculty thought it better for the student to complete

the basic, required courses, before making commitments.



As a result, of the faculty interviews, a series of proposed

prescribed courses and curricular paths were derived (Appendix Al

Student F eauirement Variables

There are several different types of students in the

Maskers program: full -time day, part-time day, full-time night,

part-time night. Each group desires classes at different times of

the day. The part-time day students, primarily married women, prefer

classes during the time their children are in school, while the

persons who work during the day require late afternoon, night or

Saturday classes. When these two groups wish the same course, a

tug-of-war results because what is offered for one group, will not

be convenient for the other. Since he can usually attend either

day or night courses, the full-time day student is the most flexible.

It has been the School's practice to register day students for some

night courses, in order to unify the student body.

Course configurations of students enrolled in the School

from September, 1963 through June, 1965 were studied in an attempt

to discern how"past schedules had been exploited by full- and part-

time students (both night and day).

The distribution of students entering the School by time

of year was as follows:

4

Term Entered

Number of Students

Full-time Part-time

Day Night Day Night

Fall 146 17 61 99

Win r 15 12 28 43

S rin_ half-term
,

22 4 30 28

Summer half - tern* 54 6 37 7



The d strtbutton of students according t number of

taken to complete masters degree requirements was as follows:

NUmber
f Terms

2

3

4

5

6

7

8

9

10

MWOOMMORM

No um la ou

WM MM MOO M P4014010M04

MIROMMMOSMWMORWM

MOWWWWMONMM M !NW

MIWIMMOO*MM MOO

Number of
Students

5

90

57

25

29

17

7

1

1

From these data, it was obvious that a significant perc n-

tage of full- and part -time, day and night, students had been accom-

modated and, presumably, would have to be accommodated in the same

approximate distribution in the future.

However, in order to determine how students might register

given considerable latitude in chi:nee of courses and in schedules,

a trial registration was undertaken. The forms used were of two

types.

In Appendix II are shown the three forms which were utilised

to determine student desire. The first form- (Figure 1, Appendix B) is

the Student Time Selection Chart. The purpose of this form was to

determine grossly the periods of time when students would both be able

and would desire to attend classes. The first half of this form was

designed to elicit student reponses relative to the periods of

time when it would be tmpossible, for various reasons, to attend
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classes, both by time of day and by term.

The second form (Figure 2, Appendix B) is the Student

Library Interest Form. Its purpose was to: (1) determine into

which broad area of interest each student would categorise himself;

(2) within that broad categorization, to determine what special

interest(s) the student might have.

The final form (Figure 3 Appendix B) is the Student

Course Determination Form. The purpose of this form was to determine

what courses each ?tudent had taken in the past and was planning

to take in the future. The courses are listed for a period of eight

consecutive terms, with '"N's" signifying night classes and "D's"

signifying day classes. In order to place some initial constraints

upon the selection of courses, a round-robin schedule of classes

was hypothesized. This schedule was developed as a result of analyz-

ing the comments and suggestions of faculty and after investigating

the historical patterns of class selection which had been exhibited;

by students who had completed the masters program.

The function of the three forms in Appendix B, when taken

together, was to provide some initial correlations between classes,

terms, and hours offered, and the types of students (by their

library major) who requested particular clisses in particular sequences.

The purpose was to develop a series of time and course offerings

which would adequately serve the .needs of the student body within

the constraints of faculty availability.

Appendix C, Questionnaire Forms for Mechanized Accounting

and Scheduling of Students Through the Use of the Beekley InSite

Device, contains the two forms which were utilized in collecting

information relevant to specific course and time desires by the student
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body. The forms were designed to correspond to the matrices used

by the Beckley InSite device, so that data could be transposed easily

during punching of InSite tapes. The first form (Figure 1, Appendix C)

is the Current Student Course-Time Desires
Form. The purpose of

this form was to elicit specific responses from the student body

as to the precise course and time configurations which each would

have selected had all courses for thatiparticular term been available

at all hours of the day. Across the eop of the form are listed

those courses which were offered during the term under investigation,

commencing with course LS 100 and ending with course LS 382.

At the right-hand side of the course matrix appear the potential starting

hours. They begin at 9:00 AM and increase by increments of one

hour through 7:00 PM. The students were asked to indicate their

selections by placing an "x" in the appropriate block(s) at the

intersection(s) where the desired courses and the desired starting

hours met.

The second form (Figure 2, Appendix C) is the Future

Student Course-Time Desires Form. The purpose of this form was to

determine the precise classes which the current student body planned

to take during the next three trimesters
within the given constraints

of three potential time periods. These three time periods were

broken down as morning, afternoon, and evening. As with the prior

form (Figure 1, Appendix C), potential courses are listed across the

top, beginning with course 100 and ending with course 290. At the

extreme right-hand edge of the form appear the letters "M", "A", and

"E". These stand. for "morning",
"afternoon", and "evening".

At the extreme left of the form appear the words "summer", "fall",

and "winter". These represented the next three terms in the GSLIS



curriculum. The students were asked to select those courses which

they planned to take during the next three terms and mark an "x"

at the appropriate intersection where the term, course, and time

met. The purpose of this form was twofold. it was used as a check

to determine if historical patterns were still holding true for

the current student body. Second of all, it was used as an aid

in determining what specific courses ought to be offered and at

what general times during the day for ensuing trimesters in the

Graduate School of Library and Information Sciences.

Appendix D, Summaries of Questionnaire Forms, contains

the summaries and data for the preceding forms utilized as data

collection devices. The results, of the student time selections in-

dicated that, among the current student body in the Graduate School

of Library and Information Sciences, the preferred class hours were

Monday through Friday from 9:00 AM to 12:00 noon. Second preference

was from Monday through Friday from 1:00 PM to 4:00 PM. Third

preference was Monday through Friday from 6:00 PM to 9:00 PM,

with Saturday from 9:00 AM to 12:00 noon being selected as more

preferable than Monday through Friday from 4:00 PM to 6:00 PM,

which ended with the lowest rating. As expected, when analyzing

the times during which it was impossible for students to attend,

there was a high correlation between the most frequently selected

"impossible" time period and the least frequently selected "pre-

ference" (Monday through Friday from 4:00 PM to 6:00 PM). A summary

of the results of the time preference and possibility survey appears

in. Appendix D (Figure 1).
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The second forme (Figure 2, Appendix D) is a summary of

the Student Interests. It indicates that, of the students who

responded to this questionnaire, cataloging and reference were the

two most frequently selected areas of library work. At the same

time, approximately one sixth of the respondees indicated by selecting

"undecided" that they had not yet made a determination as to which

area of library science most appealed to them.

The evaluation and reduction of the data accumulated

from the Student Course Determination Forms is given in Appendix D,

Figure 3. It is interesting that relatively few students were

able to predict desired courses more than two terms into the future.

Also, it was interesting to note that when both day and night sessions

of the same course were offered, the day course was far more popular.

When the same classes were offered both at night and on Saturdays,

the evening session was usually selected in preference to the

Saturday session. From this, it seems reasonable to suggest that

student preferences are generally in the order "day", "night",

"Saturday", in descending order.

The results of the survey of current and future course

time preferences are given in Figures 4 and 5, Appendix D. As

their preferred period for attending a course, 126 students selected

the earliest morning starting time, 9:00. 52 individuals selected

10:00 AM. There were scattered results throughout the rest of the

day, with the 2:00 being. the next most popular time for attending

classes as far as daytime students were concerned. However, since

many students hold daytime jobs, 120 selected 6:00 PM as the optimum

time of the day for attending class.



In examining the results for future student requirements

(Figure 51 Appendix D), morning classes again proved to be the

most favored, with night sessions rating second, and afternoon

being selected as the third, or least: desirable, time of the day

for attending classes.

With the three-term projection into the future, results

of this investigation upheld preliminary results developed from

earlier questionnaires in which there das a deterioration in the

ability (or interest) of students to predict future requirements

as a function of time span from the current term. Thus, there were

416 projections for the winter term immediately following, 265

projections for the spring term of the next year, and only 146 pro-

jections for the summer term thereafter.

In this connection, it is interesting to note here that,

although it had been generally believed that the summer term was

attended most heavily by students who were unable to attend at any

other time of the year, the results, as cited, negate this contention..

C. Processinecof Data Via InSite

While it was a relatively simple task to reduce the data

on the previous questionnaire descriptively, it would have been

an extremely time-consuming task to attempt to determine how many

total student schedules, or how many portions of student schedules

(historical, current, and future) would have been fulfilled if the

hypothesized round-robin schedule were matched against the desires

of the students. In order to perform this task, the Beekley InSite

device was utilized. As has been explained, the InSite device works

on a peek-a-boo principle through the automatic scanning of sets
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of punched Mylar tapes. The operating philosophy behind peek-a-boo

processing is that, if all the desired criteria are met, a light

source will be able to penetrate through holes punched in the storage

dia (the Mylar tapes) and result in a printout.

In the investigation on class scheduling, a number of tapes

prepared for simultaneous overlaying and processing. One of

these tapes contained both the current schedule actually used and the

proposed round-robin schedule for future terms. A second tape was

prepared from the Current and Future Student Course Time Form. This

second tape reflected, on a student-by-student basis, all of the course

and time configurations which had been individually selected. A third

tape, which was generated for the purpose of this investigation, was a

student prerequisite tape. In the consecutive scheduling of students,

it is not only necessary to determine what classes are desired during

what terms but, also, to assure that the student would take these

courses within prescribed constraints. Consequently, use of the

prerequisite course tape was necessary to assure that prior requirements

would be met in proper sequence.

The master schedule tape was prepared in the following manner.

Eight frames of tape (10 x 10 matrix each) were required for one com-

plete recording of the present and future master schedules. Each

schedule was repeated ten times along the length of a single tape, in-

volving the use of eighty10.x 10 matrices, or frames.

In order for the4/nSite device to compare student desires and

master schedules, a second tape was prepared on which the same number

of frames was assigned per student as were assigned to each represen-

tation of the total master schedule. Consequently, each proposed

student schedule required eight 10 x 10 frames of tape and was punched

into the second tape.

71
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If a student had developed his proposed schedule and had

taken prerequisites into account, then, the position corresponding

to the course he wished to take, on a third prerequisite, tape, was

punched out. If, however, the proposed student schedule.did not take

prerequisites into account, then, the position corresponding to the

desired course on the prerequisite tape was not notched. The logic

behind this is as follows: if prerequisites are met (and the

proper hole is punched outon the prerequisite tape), then, matching

against the master schedule tape could proceed without interference.

If, on the other hand, prerequisites are not met, then the lack of a

hole in the prerequisite tape would automatically negate the proposed

schedule. As with the school schedule, the prerequisite tape occupied

eight 10 x 10 frames per student.

One of the variables under consideration during
this investigation was that of the expenditure of

time in entering data in machine-processible form.

On the average, ten punches could be entered on

tapes per minute. Each student in this inves-

tigation requested an average of seven courses

(scattered throughout the eight possible matrices

per student). Consequently, with set-up and

initial seeking time, slightly in excess of one

minute was required for punching the proposed

schedule of each student. With 149 students par-

ticipating in this phase of the investigation,

punching of the student schedule tapes required

approximately two hours and forty-five minutes.

Preparation of the student prerequisite tapes

required one additional hour.

The time required to punch the entire master

sghedule ten times in eighty frames was approximate-

ly three and one half hours. Once the tapes were

punched and verified, they were brought to the

InSite device for running.

The operation was as follows: master tape,

student desired tape and student prerequisite tape

were aligned; the counter was set to its starting

position and an initial run performed. 'Once

eighty frames had passed by the sensing head, the



tapes were mechanically rewound. Next, both

the "student desire" tape and the student

prerequisite tape were slipped manually eighty

frames in advance, and frame number eighty-

one of these tapes was then aligned with frame

number one of the master schedule tape. The

tapes were again processed and slipped an ad-
ditional eighty matrices so that, on the third run,
frame number 161 of the second student tapes was
then aligned with frame number one of the master

schedule. This operation was repeated until all
the student schedule tapes and student prerequisite

tapes had been processed. On the average, ten
students were processed in two and one half minutes,

so that the entire processing or "searching" con-

sumed only thirty seven and one half minutes of time

for the 149 student schedules involved in this por-

tion of the investigation.

The results of the runs were as follows. On the current

er basis, in which 149 students were given the opportunity

to select any normal starting time within the day for any classes

being taught during that particular term, 74 students' requirements
fi

matched the existing schedule completely. An average of 2.22 course

selections were made.

On the other hand, 73 of the 149 student schedules failed

to match the existing schedule. For this group, the average number

of course selections per student was 3.26. Of these, 1.23 course

selections were acceptable, while 2.03 per student did not match the

master schedule.

The range of requests for the remaining 46%, on the other

hand, is so great as'to preclude the possibility of further adjust-

ment.

In addition to evaluating the current term master schedule

against unconstrained student course selections, the Beekley InSite

device was also utilized in comparing future student demands against

the proposed round-robin schedul



Of the 149 students involved in the investigation, not

all made selections in all ture terms; 142 indicated' schedules

for the ct term, 127 for the second future term, and 77 for

the third future . If the responses were separated now by

terms and success in scheduling was now construed not as meeting

the requirements of all courses selected in all future terms, but

as meeting the requirements within any given term, 47 student future

term schedules matched the proposed iiheduleat some point. With

346 student schedule selections (142 for the first term, 127 for

the second, 77 for the third), the 47 matching schedules represents

only a 13.5% success.

Looking at the results from another point of view, the

142 students who made predictions for the first future term selected

a total of 420 classes for an average of 2.95 classes per student.

The 127 students who made selections for the second future term

chose 251 classes for a 1.97 average per student. The 1.83 average

class selection per student for the third future term was based

upon 77 student schedules and 147 selected classes. A summary

of results is given in Appendix D, Figure 6.

It was obvious from these results that some alteration

of class schedules for future terms was required. But this re-

scheduling could now proceed on the basis of an expression of student

desires and in sufficient time to permit adequate planning.
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Discussion

As a result of the class scheduling investigation, infor-

mation has been gathered regarding the processing of student schedules

using the peek-a-boo principle, in general, and the Beekley InSite

device, in particular. In its present state of development, the InSite

machine conveniently handles only the matching operation. The

mechanism for recording information into tapes, because it is physically

appended to the searching mechanism and because a convenient keyboard

is not yet available, limits the effectiveness of this application.

In order to alleviate this problem, consideration should be given to

designing punching mechanism which is both physically removed from

the processing instrument and which can be utilised directly by students

so that they might prepare their own schedule inputs.

While the numeric printer in the prototype device has the

excellent quality of being able to keep pace with the 50,000 items-

per-minute processing speed of the Beekley system, the form and

content of its output, as currently configured, is difficult to

apply directly to problems relative to class scheduling. Consequently,

a prerequisite of successful application would be the development of a

printing mechanism which would be capable of graphically representinb

the results of the internal processing. Such a form is given in

Appendix E, Figure 1.

In addition to providing printed visual output, it seems

reasonable to expect the provision of an interface between the schedul-

ing operation and future processing steps. It is not inconceivable

that a machine-readable output of the scheduling' operation, whether in

punched cards, punched paper tape, or on magnetic tape, might serve

directly as the input medium to other student record processing
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activities, such as grade reporting. In Appendix E, Figure 2,

given a student scheduling machine-readable output form which

hypothesises what a punched card, prepared by the peek-a-boo device

for future processing, might look, like.

A factor which warrants future investigation is the

development of an idealised real-time class scheduling activity.

It 48 possible to hypothesize an operation in which all student

advisors will be available to approve and make sumestions relative

to a particular student's curriculum. Once approved, the student

would, approach a remote console through which he would indicate the

numbers assigned to the classes which he has selected. If all his

selections are available, a form will 'Ng generated automatically;

and it would list the courses, the hours, and the course locations.

If a student's curriculum fails to be schedufed completely,

a message would.be printed out on the remote console which would

indicate the courses which were no longer available. The student

would then be required to discuss alternative selections with his

advisors. A simplified flow chart of the hypothesized procedure is

given in Appendix E, Figure 3.
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yi. Conclusions

This investigation was intended as a preliminary probe

into the problems inherent in applying a peek-a-boo approach to

cl#ss scheduling. Principally because of the design limitations

of the prototype Beekley InSite device in its current configuration,

the objectives of the class scheduling study were only partially

I met. While the results have tended to confirm the usefulness of

peek -a -boo processing to scheduling, it has neither adequately

ft

proven
A
or disproven the potential applicability of the InSite device.

The preparation of master schedules seems to be feasible

if there is adequate interaction between student body and the developers

of the schedule and if the master schedule adequately reflects those

courses which the students have cited in preliminary investigation.

The availability of a long-term master schedule does eliminate much

of the need on the part of the faculty advisor for determining the

legality of the schedule and places much of that responsibility on

the student. By the same token, if students are to assume this respon-

sibility, then it appears necessary that some guidance or instruction

be given, perhaps in the form of a short programmed :5.nstruction

routine, which would provide the students with methods for making

alternative choices should their initial selections not be feasible.

This investigation has suggested that there is potential

for developing a direct relationship between the scheduling of

students and the suci..ending procedures of invoicing, developi'lient of

class lists for instructors, reporting of grades, maintenance of

historical student achievement records, etc., through the creation,

during the scheduling operation, of machine-readable records.
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There seams to be a continuing need for utilizing law cost

mechanical peek-a-boo processing in class scheduling and its allied

operations. To this end, it appea54, asible to suggest that the

development of an advanced ototype electromechanical peek-a*boo

device be encouraged. This system would incorporate the features

of remote processing, real time potential, and machine .1processible

output records.

p.
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Appendix A

Curricula Hypothesised for Various Specializations

and Functions Related to Librarianship



Course Numbers and Titles

LS 100 Introduction to Librarianship

LS 110 Orientation
LS 120 Collections Development and Use

LS 121 Collections Development and Use (Selection)
LS 122 Collections Development and Use (Reference).

LS 150 Organization of Library Materials
LS 180 Principles of Library Administration

LS 185 Instructional Materials Centers
LS 205 History of the Book

LS206 History of Libraries
LS 211 Methodology of Research
LS 219 Individual Researah
LS 222 Materials for Children
LS 223 Materials for Adolescents
LS 224 History of Children's Literature
LS 225 The Materials Based Curriculum
LS 226 Storytelling
LS 231 Collections Building in the Humanities and Social Sciences

LS 232 Reference and Information Services in the Humanities
and Social Science

LS 233 Collections Building in Science and Technology
LS 234 Reference and Information Services in Science and Technology
LS 235 Government Publications
LS 236 Serial Publications
LS 237 Medical Literature and Libraries
LS 238 International Library Services and Resources

LS 239 International Education Documentation Services

LS 252 Technical Processes
LS 253 Special Problems in Cataloging and Classification
LS 255 Rare Books
LS 256 Critical Bibliography
LS 261 Mechanized Information Retrieval
LS 262 Specialized Information Centers
LS 263 Mathematics in Information Storage and Retrieval.

LS 264 Computers and Information Retrieval
LS 265 Data Processing and the Library
LS 267 Languages for the Library and Information Sciences
LS 280 Library and Information Systems Development and Cooperation
LS 281 Problems and Current Trends in Administration of Library

and Information Centers
LS 282 Library Architecture
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Suggested Course Number Configurations

Public Librarian

222

222

110

120

150

180

261

252

Cones and liniversit,r
110

120

150

180

233 231 233

234 232 234

52

35 282 25 23

255

School Librarian

110

120

150

185

225

Children's Librarian'

110

120

150

185

261

226

82 62

Special Library

110

120

150

180

223 231 233

26

264

265

1

256" ---"%*"1"-252

2 6

223
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Functions

Acquisitions

Cataloging

Reference

Administration



23

110

120

150

180

261

23
2!2
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Suggested Course Numbers and bon i u a one

232

2

2

or
205

Reference

110

120

150

180

6

3

238

6 239

256

236

234

262

Pt09.guin4

110,

120

150

180

21

252

Administr ation

110

120

150

180

261

1

282

204

205 t 206

256
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APPENDIX D

GENERAL qUESTIONNAIRE FORMS FOR DETERMINING BROAD PARAMETERS
OF STUDENT COURSE AND TIME SELECTIONS



Student's name

-37

Chock the times when it is Er448.10 for you to attend classes:

Wintor Spring Summer

Mon.-Fri. 9-12

Mon.Fz'l. 1-4

Mon.-Fri. 4-6

Mon.-Fri. 6-9

Siturdy 9-12

Reasons:

Check the times when you would 2r fer to take classes:

Fall Winter Spring S umme r

Mon.-Fri, 9-12

Mon.-Fri. 1-4

Mon.-Fri. 4-6

Mon.-Fri. 6-9

3aturday 9-12

What is your major area of interest at this time?

Figure 1. STUDENT TI E SELECT ON C HART



Please check the

1+40.0..4_

.111.L.M.M.110010..0011,....mmomni

Acquit ions

ibrary

Administration
College ibrary.".

Cataloging

Public library
Specia, library

College or university library
Science
Humaniti
Science and humanities

in which you are most di

In for ation sciences

International librarianship

Public library
Science
Humanities
Science and
Children's

Reference

School library

Elementary
Secondary

Special library
Science
Humanities
Science and humanities.1.01...M.1,11,111111011

Undecided

humanities

Figure 2 STUD IBRARY INT EST
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APPENDIX C

QUESTIONNAIRE FORMS FOR MECHANIZED ACCOUNTING AND
SCHEDULING OF STUDENTS THROUGH TIE USE OF THE BEEKLEY

. INSITE DEVICE



Ion with an overall, plan to better fulfill the needs of the studentbody of the Graduate School of Library and information Sciences the University ofPittsburgh's ino*.edge Availability Systems Center is exaMining the scheduling ofboth course offerings and times scheouled for the various classes.
In order to aid in this investigation, will you kindly fill, out the formin accordance with the following instructions.

From the courses listed across the top of the card, select those whichyou would have taken this term had they all been available at the hoursyou desired.

Fram the "starting hour" column to the right of the card, determine whatwould have been the optimum starting time for the courses you wouldhave selected.

(3) Mark the block where the desired course number and the desired starting timeintersect. For example, if you wished to tale: course number 180 at3:00 p.m. in the afternoon, you,would find course number 180 at the topof the card, and 300 p.m. at the right of the card, and Mark the blockewhere the two intersect.
By the same token, if you wised Lo ia1..e course number 232 at 9:00 a.m.,you would find 232 at the top of the card and 9:00 a.m. to the right ofthe card, and mark the block where these two intersect.

11.711111111111111111!

L IS alel a Ismmosummoraionnumum
11111111111111111111111111111 EIMIME11111111111111111
1111111011111111111111111111111111111111111111111111131111

1111111111111.1111111111111111111111111111
NIIIIMIIIIIIIMIIMIIIMIIMIMIIIIIIIIIIIMMMM

1111111111E111111111111111111111111111111111MIMI
11111U11111111111111111111111111111111111111111111
1111111111111111111111111111111111111

III 11111111111111111111111.

140

Would you now kindly fill out the form on the following page in accordancewith the suggested course configurations for your particular "major" area.

Figure 1. CURRENT STUDENT COURSE-TIME DESIRES FORM
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Now that you have developed an optimum schedule for the current term, you are
being asked to help design future schedules for the Graduate School.,of Library and
Information Sciences.

On the form below are listed all the fifth year courses which are available
in the Graduate School. These courses are listed across the top of the card.

To the left of the card are listed the next three terms during which courses
will be offered in the Graduate School of Library and Information Sciences.

the first is for the summer session, 1966
the second is for the fall semester, 1966

3 third is for the winter semester, 1966-67

To the right of the card, there are three time period breakdowns for each
semester.

(1) M = a morning class
(2) A = an afternoon class
(3) E = an evening cours
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In order to fill out the form, first determine the courses you are p anning to
take in these next three semesters.(provided you will not have been graduated at an
earlier date). If, for example, you wish to take-course number 100 in the summer
half term in the afternoon, you would locate course number 100 across the top of
the card. You would then find the section for the summer half term, 1966, and
within that section the afternoon time period. Where the afternoon session for
course 100 in the summer half term lines coincide, you would mark the appropriate
box with an X.

If, in addition, you plan to take course number 238 in the fall term in the
evening, you would find 238 at the top of the card, the fall term in the middle band
of the card and then, finally, the evening hour for that term. You would then X
this block. The same criteria holds true for the winter term.

In accordance with the above instructions, will you please select the courses
you desired to attend for the next three terms, and X your desired choices on the
form located on the following page. We will endeavor to develop a long range

Figure 2. FUTURE STUDENT COURSE-TIME DESIRES FORM
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schedule of courses which will reflect your expressed needs.

Thank-you for your cooperation.

4 1111
11 4 4 4 1 1

0 11 a 1 a 11

t

Figure 2. (continued)
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APPENDIX D

SUMMARIES OF, QUESTIONNAIRE FORMS



C the times when it is inr,-.;,4ible r you Co attend c las .!s:

Fall Winter Spring

4'cl11.-Fri. 9-"

Mon.-Fri. 1-4

Mon. -Fri. 4-6

Mon.-Fri. 6-9

Saturday 9-12

06# -570/410) .-6 (,33.071d M

-7e, /
EI'l 146. I) 7D' (4/1d1) 60 (.3V4V ''142, (y, .7k

,) '1(3P 7%./) 41/(3/'77)_ 5;4 (304,5 -1/4_41 CL2 y, gled I

Check the times when you would prefer to take classes:

Fall Winter Spring Summer

Mon.-Fri. 9-12

Mon.-Fri . 1-4

Mon.-Fri. 4-6

Mon.-Fri. 6-9

Saturday 9-12

/ 0. (q* 6) 6' 70( 06 o 6 (47 7
4. ( 6 / ;

, .0 do .5

'0) : 60. . /0 ,5:_gl
(3 7C Jo./ , 0 ( / .77(9,3,6

/0 (.23,6g yoblifo) 3g Col d -/x) a y6,/,d)

Figure 1.
SUMMARY: STUDENT TIME. SELECTION CHART -- NUMBERS AND PERCENTAGES



Plose check the one area or 1,i,1 .. :ry work in which you are moFt int d.

Acqui it -

Administration
)

Catalogin

Colle:c library
Public library
Special library

College or univdrsit= library

(,31 Science

LLD Humanities
Science and humanities

1-\ Information sciences

International librarianship

Public library
Science

(51 Humanities
4

Science and humanities
Children's

Reference

Schooj library
( Elementary

Secondary

Special library

(`7 Science
ce Humanities

Science and humanities

Undecided

Figure 2. SUMMARY: STMENT INTERESTS

14
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Figu 4, S HY: CURB STUDENT COURSE4

Figure 5. SUMMARY: FUTURE STUDENT COURS
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Figure 6. 5 RY OF STUD -TO- MASTER HEDULE MATCHES

umber of Stud= =s Partic n .................149.

Number of Current Schedules
Matching Master Schedule 74

Number of Current Schedules
not Matching Master Schedu e.........,.. 73

Number of Students not Responding. 00,0400000000400 2

Average Number of Classes Requested

per Student which Matched
Schedules.........,.................. 2.22.

Average Number of Classes Requested
per Student which did not Match

-Schedules 3.26

Number of Students Providing
Future Course Requirements sippiDOPOOAPOevaR00004,000 142 for first future term

127 for second future term
77 for third future term

Number of Future Schedules
Matching Proposed Future
Master Schedule' During at
least One Term................. 000 oo eisesoofteoes 47 - 14 matching first term

25 matching second term
8 matching third term

Average Number of Classes Requested
per Student which Matched
Schedules ........ OPoose0040d1000i0iPs ollopees00 OOOOO 3.00 for first future term

1.32 for second future term
1.75 for third, fUture term

Average Number of Classes Requested
per Student which did not Match

Schedules OOOOO . O . 2.95 for first' future term
1.97 for second

future
term

1.83 for third future term
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STUDENT NUMBER
1-10

DATE
11-16

COURSE NUMBER ONE
7-21

COURSE NUMBER TWO
22-26

COURSE NUMBER THREE
27-31

COURSE NUMBER FOUR
2..36

COURSE NUMBER FIVE
37-41

COUR NUMBER SIX
42-46

COURSE NUMBER SEVEN
47-51

COURSE NUMBER EIGHT
2-56

COURSE NUMBER NINE
57-61

COURSE NUMBER TEN
62-66

COURSE NUMBER ELEVEN
67-71

SCHOOL OR 'DEPARTMENT
74-79
es
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